The NEWPEP thermochemical code is a computer program that has been developed to help predict the performance of a user generated propellant system. Sandia has used the program to model the use of different oxidizer/fuel combinations. The program has been adapted to fit Sandia's need by expanding the programs combustion species database and the ingredient list. This paper provides the user with a thorough set of operating instructions.
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Sandia Interest
Sandia began using the code to model explosive reactions for use in research activities. It has been used extensively in the study of Hydrogen Peroxide as an oxidizer with different fuels. NEWPEP can be run either through starting the computer in the DOS mode or running it through the MS-DOS prompt. An attempt will be made to note the commands relevant to use of this program.
Boot up computer in the MS-DOS mode or open the MS-DOS prompt.
2. Change to the directory in which the NEWPEP code is located. C:\ C:\CD NEWPEP C:\NEWPEP\ 3. NEWPEP can be run through an interactive mode, with the user entering data as the prompts call for it, or it can be run by calling data from an input file which the user creates. The 11 lines for data entry are listed below. 
Running the Program
It is recommended that the program be run with input files to maintain a hard copy of the data used for runs.
1. As mentioned, NEWPEP can be run in an interactive mode by entering the name of the executable file (NEWPEP). This will start a program that prompts the user for the same information in the format indicated and will output information to the named file as indicated by the user. 2. To create an input file, follow the input file format mentioned before to create a file using the DOS editor. 3. For ease in recognizing the input and output file, name the input file INPUT.IN, where INPUT can be replaced by information on the run as seen fit by the user.
To recognize the output file associated with an input file, use the same file name with the extension ".OUT" 4. The command for running the program with a user created input is (at the DOSPrompt) C:\NEWPEP\NEWPEP<INPUT.IN "C:\NEWPEP" is the path for the location of the NEWPEP program and NEWPEP <INPUT.IN is the executable code with the less than sign indicating the input file the user has created. 5. The results for running with an input file, will be output to the file name directed by the user on Line 1 of data input or will go to the default file PEPOUT.DAT
Test Case
The following are instructions on how to practice use of the program using LOXHYDRO.IN, a test case using the combustion of Liquid Oxygen with Cryogenic Hydrogen to form Water. The file is shown here with no changes.
The same file is shown here, indicating line numbers and comments on the information provided on each line. 3. To practice running the program with this input file, it is recommended that the name of the output file be changed so as not to overwrite the output file LOXHYDRO.OUT that also comes with the test case. 
UNCHANGED LOXHYDRO.IN
LOXHYDRO.OUT <~CHANGE THIS NAME TO SOMETHING ELSE
Ingredient List
The ingredient list is located in the file PEPCODED.DAT. This file can be edited in the DOS editor. It is a data base of chemicals commonly used as propellant ingredients. Ingredients can be used directly from the list or can be added as follows using the DOS editor. 3. It is best if the user copies a line of previously written ingredient information and paste it at the bottom to use as a guide when adding own ingredients. This is to also help in keeping the rows and columns in order; FORTRAN is dependent on row and column placement. 
Ingredient Errors
The heat of formation for varying concentrations of hydrogen peroxide was incorrect in PEPCODED.DAT. This error was found when runs using these concentrations came out incorrect. Hydrogen peroxide at concentrations of 50, 70 and 90 percent each had an incorrect heat of formation. These values were changed as follows:
The incorrect values matched those found in the book written by Schumb 2 . Other sources 3 for concentrations of less than 100% had the same incorrect heats of formation, but it was observed that these books had referenced Schumb 2 . Values for the heat of formation were gathered from the Hydrogen Peroxide Handbook 4 and calculated with Hess' Law for comparison. Other concentrations of hydrogen peroxide were also added to the ingredient and information about these were found in the same source 4 .
Estimated densities for various hydrogen peroxide concentrations were calculated by finding the average density of the two constituents, hydrogen peroxide and water. When adding 30% hydrogen peroxide to the ingredient list, the following calculation was done:
1/r = å x i / r i Where x i = mass fraction of component and r i = density of same component 
Program Changes and Additions
Due to the nature of Sandia's interest in studying explosive reactions, it was beneficial to study the addition of new combustion species to JANNAF.DAT. An energetic reaction using silver oxide needed to be studied. Use of the program was not idea because of the lack of silver combustion species. When the program was run with silver containing reactants an error message stating that there were "NO COMBUSTION SPECIES FOR AG REVISE JANNAF.DAT" appeared in the output file. To be able to run the program with silver containing compounds, the method of adding combustion species to JANNAF.DAT had to be investigated.
JANNAF.DAT is the binary file that the NEWPEP program directly uses for combustion species. Complete instructions regarding additions to JANNAF.DAT will be noted. A brief explanation is as follows: Thermochemical data generally found in tables is used to form the curve fits used for JANNAF.DAT. This data is entered in table form and converted using PEPOST.EXE. The source code for this program was received from Chan Price at the China Lake Naval Weapons center. PEPOST.EXE will produce a seven coefficient curve fit. This curve fit is entered into the ASCII file NEWPEPOS.DAT and converted into the binary file JANNAF.DAT using NEWJAN.EXE. The following are detailed instructions to complete the process.
1. Obtain thermochemical tables for the species to be added. The primary source of these are the NIST-JANAF Thermochemical Tables  5 , other sources  6,7 were also found for the tables.
2. The information needed from these tables is the temperature, heat capacity, enthalpy (heat) of formation, and the entropy. These numbers need to be entered in NEWPEPOS.DAT. This was done manually. The notation for other states are (L) for liquid and (G) for gas. The number at the end of the line indicates the species number. In this case, silver is the 4453 species and the letters following indicate all the lines that correspond to that species. For the second temperature range of silver in the solid state a user would use the same species number but continue on with the lettering, using D, E, and F for the next entry. The coefficients entered are those generated by PEPOST. There is a change in the number of significant figures entered and the spacing. There must be eight significant figures in the coefficients and there is no spacing. The eighth spot for a coefficient is the average heat of formation of the species over the temperature range. For silver, the heat of formation in the solid state is 0 so 0.0000000E+00 is entered in the eighth place. The continuation of the curve fit coefficients correspond to the temperature range of that curve fit. Since the coefficients were done for the range of 298 K to 1000 K, it is indicated both on the second and third lines.
7. More than one combustion species can be added at once. However, because FORTRAN is line and column dependent, insert new combustion species only at the end of the file. Also, to ensure correct placement of information, follow the format of the lines above in the file.
8. The ASCII form in the file NEWPEPOS.DAT now needs to be converted to the binary form JANNAF.DAT. This is done using NEWJAN.EXE, the executable file formed from compiling NEWJAN.FOR. NEWJAN.EXE will write the binary conversion of NEWPEPOS.DAT to JANNAF.DAT. The command for this is: C:\NEWPEP\NEWJAN After the program has completed converting the data, it will output a message saying JANCREATE WORKED SUCCESSFULLY JANNAF.DAT has now been created with all of the species in the NEWPEPOS.DAT file 9. The information at the very beginning of NEWPEPOS.DAT before the curve fit information begins appears to be some sort of identification for the elements of the periodic table. Most elements tend to support this idea, although a few vary from the expected trend. There is no need to change this data.
10. After the last element curve fit, there is a FORTRAN end statement, DONE, which should indicate that no more data will be read from the file. There is data following this statement in the original file, which has been maintained. None of this data was changed and it remains in the file.
NOTE:
The program NEWPEP does not need to be recompiled after the creation of a new JANNAF.DAT.
Upon completion of the above steps, a reaction containing silver compounds was able to run correctly. No error messages were created in the output and the NEWPEP program was able to successfully identify the newly added combustion species.
Applications
After the addition of new combustion species, NEWPEP's application toward modeling of specific energetic reactions improved. Much of the work done included the use of hydrogen peroxide with variances on the fuel, such as RP-1, Ammonia, or Methanol. This work was documented through graphs. A sample of which follows: All work done and all graphs created pertaining to the study of hydrogen peroxide will be combined in a future report. The above is a sample to show the information that can be provided by NEWPEP. Using several different input files, a user can create multiple sets of data for a research project. For this case, four input files were used, each with different concentrations of hydrogen peroxide. In each of these runs, varying mixture ratios were used and then the output files printed. The data was manually entered into SIGMA Plot 2000 and the graphs created.
Figure 2. Sample Graph
Conclusion
The work done on the NEWPEP code has helped to improve the contributions the code can make to Sandia's work. The addition of new combustion species to the database will benefit future users as they will have more propellant components to choose from. This documentation will serve as a reference to all users of the code and facilitate use of NEWPEP. Future work could include creation of a more user-friendly program interface, and a more simple method for inputting data for combustion species. Using this document as an example, it is hoped that future work on the code will also be documented.
